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VARIABLE SPEED TRANSMISSION ARRANGEMENT 
WITH AN INFINITELY VARIABLE TOROIDAL DRIVE 
AND A SUMMING GEAR SET OF THE PLANET WHEEL TYPE 

BACKGROUND OF THE INVENTION 

The present inventions relate to a variable speed 
transmission arrangement with an infinitely variable tor- 
oidal drive and a planetary summing gear arrangement in- 
cluding a central shaft extending through the toroidal 
drive for direct power transmission through the transmis- 
sion arrangement. 

US 6,059,685 discloses a variable speed transmission 
arrangement, in which the toroidal drive includes a the 
two-chamber arrangement, whereby the central shaft drivable 
from a drive motor or ■ engine is connected to a first cen- 
tral wheel and, at its end, to a second drive-side central 
wheel of the toroidal drive. The second central wheel is 
arranged coaxially to the central shaft and, with respect 
to its toroidal friction surface, mirror-symmetrically -to 
the first drive-side central wheel, and is connected di- 
rectly to the planet carrier of the toroidal drive. The 
first and second drive-side central wheels of the toroidal 
drive are in engagement in a known way by means of their 
friction surfaces, via intermediate wheels arranged pivota- 
bly for a change of the transmission ratio, with the tor- 
oidal, friction surfaces of an output central wheel of the 



toroidal drive. The output central wheel is arranged coaxi- 
ally to and in the center region of the central shaft and 
the central shaft passes with play through the second cen- 
tral wheel. The output central wheel is connected fixedly 
5 in terms of rotation, by means of an intermediate shaft 
which is concentric to the central shaft directly to the 
sun wheel of a summing gear set. The sun wheel meshes with 
main planet wheels mounted on the planet carrier via bear- 
ing bolts. Secondary planet wheels mounted on the planet 

10 carrier mesh both with the main planet wheels and with a 
ring wheel. The ring wheel is connected by means of an as- 
sociated clutch to a gear member of a follow-up gear set of 
the planet wheel type, the sun wheel of which is stationary 
with respect to the transmission case. In this instance, 

15 the assignment between the summing gear set and the follow- 
up gear set is such that, on the one hand, the ring wheel 
of the summing gear set can be coupled to the planet car- 
rier of the follow-up gear set. Then the planet carrier 
supports the double planet wheels and is connected for ro- 

20 tation with an output shaft, arranged coaxially to the cen- 
tral shaft, of the variable speed transmission arrangement. 
On the other hand, the sun wheel of the summing gear set 
can be connected for rotation with the sun wheel of the 
follow-up gear set via an associated clutch. 

25 This known variable speed transmission arrangement is 

disclosed in the publication only in the form of a basic 
transmission diagram, without structural and functional so- 
lution details. 

DE 100 46 926 Al discloses a further generic variable 

30 speed transmission arrangement, in which a central shaft 
passes with play through a central wheel of an infinitely 



variable toroidal drive. The central ' wheel has a toroidal 
friction surface on one end face, and is connected fixedly 
in terms of rotation, at its shaft end lying adjacently to 
the other end face of the central wheel, to a planet car- 
5 rier of a summing gear set of the planet wheel type. A di- 
rect mutual rotationally fixed drive connection is likewise 
provided for the central wheel and the planet carrier, and 
is designed in such a way that the central wheel has cou- 
pling members projecting axially from its other end face. 

10 The planet carrier has corresponding counter-coupling mem- 
bers projecting axially from this adjacent end face. The 
axial overall length of this known variable speed transmis- 
sion arrangement is increased due to these coupling members 
which are in rotationally fixed engagement with one an- 

15 other. The central shaft of this arrangement passes with 
play, at its other shaft end, through a second central 
wheel of the two-chamber toroidal drive, the second central 
wheel being arranged, with respect to its toroidal friction 
surface, mirror-symmetrically to the first central wheel, 

20 and connected directly to the planet carrier, of the tor- 
oidal drive. The second central wheel of the toroidal drive 
is in this case arranged coaxially, displaceably and fix- 
edly in terms of rotation with respect to the central 
shaft. For the rotationally fixed arrangement intermediate 

25 coupling members in the form of rolling balls engage simul- 
taneously outer axial coupling grooves on the inner circum- 
ference of the central wheel and radially aligned inner ax- 
ial coupling grooves on the outer circumference of the cen- 
tral shaft. Owing to their short distance from the' axis of 

30 rotation of the central shaft, the intermediate coupling 
members are stressed to the maximum by the torque of the 
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second central wheel and are thereby restricted particu- 
larly in terms of their useful life. The central shaft of 
this known arrangement is connected releasably in a compli- 
cated way to the planet carrier of the summing gear set, 
5 for which purpose the central shaft has, on the outer cir- 
cumference of its respective shaft end, an axial take-up 
toothing, engaged by a corresponding axial take-up toothing 
on the inner circumference of a hub which is arranged con- 
centrically to the shaft end and which is connected for ro- 

10 tation with the planet carrier. In order to absorb the ax- 
ial forces exerted on the planet carrier via the adjacent 
input-side central wheel of the toroidal drive, the hub of 
the planet carrier is supported against the securing ring 
inserted into a circumferential groove of the shaft end of 

15 the central shaft. The cross-section of the central shaft 
is appreciably weakened by the axial take-up toothing and 
the circumferential groove. Furthermore, because of the 
high torques to be transmitted on a small radius to the 
axis of rotation of the central shaft, these axial take-up 

20 toothings must be long in the directions of the axis of ro- 
tation. If the take-up toothings are arranged so as to be 
axially offset to the wheel set of the summing gear set, 
the overall length of the variable speed transmission ar- 
rangement would be appreciably increased. In order to avoid 

25 this, the hub of the planet carrier in this, known arrange- 
ment is arranged concentrically within the wheel set of the 
summing gear set and, together with the wheel set, in the 
same axial region of the axis of rotation of the central 
shaft, although, as a result of this, the diameter ratios 

30 of the wheel set are necessarily affected and, conse- 
quently, the selection of the transmission ratios of the 
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variable speed transmission arrangement is highly re- 
stricted. 

It is the object of the present invention to provide a 
variable speed transmission arrangement of short axial 
5 overall length, which is easy to assemble, includes a one- 
part transmission case, a small number of components, low 
weight and a low manufacturing costs. 

SUMMARY OF THE INVENTION 

10 In a variable speed transmission arrangement including 

an infinitely variable drive having two toroidal input and 
toroidal output traction wheels with a central shaft con- 
nected for . rotation with an input traction wheel and ex- 
tending through the output and the other toroidal input 

15 traction wheel and being connected to a planet carrier of a 
planetary summing gear set while the toroidal traction out- 
put wheel is connected, by way of a hollow shaft receiving 
the central shaft, to the sun wheel of the planetary sum- 
ming gear set, and the other toroidal traction input wheel 

20 is directly connected to the planet carrier by way of a ro- 
tational interlocking means rotationally interlocking the 
planet carrier and the other toroidal traction input wheel, 
but permitting relative axial movement to facilitate asem- 
bly. 

25 The arrangement eliminates the need for a radial hous- 

ing wall between the toroidal drive and the summing gear 
set, and the need for a special hollow shaft as a drive 
connection between the first drive-side central wheel of 
the toroidal drive and the planet carrier of the summing 

30 gear set. It therefore also provides for a radial reduc- 
tion in the toroidal friction surface. The drive-side 
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wheel of the toroidal drive is connected directly to the 
planet carrier of the summing' gear set, without needing ad- 
ditional axial construction space for this purpose, or with- 
out the toroidal friction surface being reduced in the ra- 
5 dial direction. Also assembly and disassembly of the drive 
is greatly facilitated. 

Preferably, this direct connection is implemented by 
means of axial engagement structures in the region of the 
outer circumference of the first drive-side wheel of the 

10 toroidal drive or in other areas of the first drive-side 
wheel and the planet carrier. 

The second drive-side wheel of the toroidal drive is 
mounted for rotation with, and axially displaceably, by 
means of axial take-up toothings provided in the region of 

15 its outer circumference, into an annular cylinder. The an- 
nular cylinder is part of a pressure device for the engage- 
ment of the traction surfaces of the toroidal drive which 
are in contact with one another and is arranged coaxially 
with respect to the central shaft. 

20 For cost reduction, the planet carrier of the summing 

gear set may be welded to the shaft end of the central 
shaft, which requires only a small amount of construction 
space and, in particular, does not affect the radial dimen- 
sions of the wheels of the summing gear set. Freedom in 

25 the design of the transmission ratios of the variable speed 
transmission arrangement is also preserved. 

In a particular embodiment of the invention, the axial 
pressure forces exerted on the friction surfaces are intro- 
duced in one axial direction via the planet carrier of the 

30 summing gear set, without a radial intermediate housing 
wall, into the adjacent first drive-side traction wheel of 
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the toroidal drive via axial bearing surfaces, the resul- 
tant axial force of which has the smallest possible radius 
to the geometric central transmission axis, so that the 
load and deformation of the planet carrier are kept low. 
5 The second drive-side traction wheel may be connected 

for rotation with, and axially displaceably on its outer 
circumference, via axial take-up toothings, to the annular 
cylinder of the pressure device, and, in particular, its 
wheel cross section having the toroidal traction surface is 
10 supported centripetally and guided axially by means of an 
antifriction bearing, which is disposed between the trac- 
tionl wheel and central shaft and which allows relative 
movements in the direction of rotation and in the axial di- 
rection. 

15 The two drive-side traction wheels of the toroidal 

drive may be designed identically, and, if appropriate, the 
arrangement described in the previous paragraph may also be 
provided. 

In a particular embodiment of the variable speed 
20 transmission arrangement according to the invention, an 
output-side traction wheel or two output-side traction 
wheels of the toroidal drive is or are arranged in an axial 
center region of the central shaft and concentrically to 
the latter and are connected for rotation, by means of a 
25 concentric intermediate shaft, to a sun wheel of the sum- 
ming gear set. The input traction wheel is connected di- 
rectly to the planet carrier with the intermediate shaft 
extending therethrough. A radial connecting web is pro- 
vided for connecting the planet carrier to the respective 
30 shaft end of the central shaft. Particularly with regard to 
the generation of noise, planet gear sets in automatic 
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transmissions for passenger cars are designed with helical 
toothings which generate an axial force. Concerning the 
variable speed transmission arrangement according to the 
invention, the sun wheel of the summing gear set therefore- 
5 exerts a force on this intermediate shaft in the axial di- 
rection. In order to transfer these meshing forces to the 
transmission case, a radial housing intermediate wall could 
be provided. 

In a preferred embodiment of the invention, however, 

10 this last-mentioned measure, which is considered to be com- 
plicated and unfavorable, is not employed, but, instead, 
the sun wheel of the summing gear set, on one hand, and the 
output-side traction wheel or wheels of the toroidal drive, 
on the other hand, are arranged axially displaceably in re- 

15 lation to one another. Particularly for ease of assembly, 
it is advantageous to arrange the intermediate shaft so as 
to be axially displaceable in relation to one of the trac- 
tion wheel and the sun wheel. 

In order to integrate the functions of rotationally 

20 fixed coupling and axial displacement for the sun wheel and 
intermediate shaft into a single coupling point and not to 
implement them by way of separate structures rolling balls 
are provided as coupling and axial bearing means. 

In a particular embodiment of the variable speed 

25 transmission arrangement according to the inventions, the 
shaft end is connected to the planet carrier of the summing 
gear set so that a special radial intermediate wall can be 
eliminated. 

In an embodiment of the invention, for the direct con- 
30 nection of the first drive-side traction wheel of the tor- 
oidal drive to the planet carrier of the summing gear set, 
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the traction wheel has an axial hub extension of reduced 
diameter which axially overlaps the planet carrier. Axial 
take-up toothings are provided in the region of the outer 
circumference of the hub extension making the rotationally 
fixed connection. 

In a particular embodiment of the invention, for the 
direct connection of the first drive-side central wheel of 
the toroidal drive to the planet carrier of the summing 
gear set, a special design of an insertable coupling is 
provided, in which at least one bearing bolt of a planet 
wheel is extended .at its respective bolt end to form an 
end-face coupling pin, and the adjacent traction wheel has 
an axial recess corresponding to the form of the coupling 
pin. The permanent axial prestress (pressure forces) of the 
toroidal drive ensure the engagement of this coupling 
structure . 

The invention will be described below in greater de- 
tail with reference to the drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
figure 1 is a partial axial sectional view of the variable 

speed transmission, showing the various features 

of the invention, 
figure 2 shows, in an enlarged detail view of figure 1, a 

partial axial section showing the engagement of 

the planet carrier with the adjacent traction 

wheel, and 

figure 3 shows, in an enlarged detail of figure 1, a par- 
tial axial section showing an alternative connec- 
tion of the planet carrier and the adjacent trac- 
tion wheel. 
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DESCRIPTION OF VARIOUS FEATURES OF THE INVENTION 



Referring to figure 1, an infinitely variable toroidal 
drive 8 and a summing gear set 12 of the planet wheel type 
5 are arranged with their central axes coaxially to a central 
transmission axis 35-35 in a transmission housing, which is 
not shown. A central drive shaft 4 which is coaxial to the 
transmission axis 35-35 passes with clearance through a 
first drive-side traction wheel 7-1 of the toroidal drive 

10. 8, The traction wheel has a toroidal traction surface 6 on 
one end face 5 as it is common. The shaft end 10, adjacent 
to the other end face 9 of the traction wheel 7-1, of the 
central shaft 4 is firmly connected to a planet carrier 11- 
1 of the summing gear set 12 by means of an electron beam 

15 weld 27. The traction wheel 7-1 and the planet carrier 11-1 
are joined rotationally by a connection 13-1, in which the 
outer circumference of the traction wheel 7-1 has an inner 
axial engagement toothing 14-1 which . rotationally engages 
in an axially moveable manner a corresponding, outer axial 

20 engagement toothing 15-1 of the planet carrier 11-1. 

At its other shaft end 16, the central shaft 4 extends 
through a second drive-side traction wheel 17 of the tor- 
oidal drive 8. This central wheel 17 is arranged, with re- 
spect to its toroidal traction surface 6, mirror- 

25 symmetrically to the first drive-side traction wheel 7-1 
and concentrically to the central shaft 4. The second 
drive-side traction wheel 17 of the toroidal drive 8 is re- 
ceived axially displaceably, in an annular cylinder 18 
which, as part of a pressure device, is mounted concentri- 

30 cally onto the central shaft 4 for rotation therewith. Be- 
tween the second traction wheel 17 and the annular cylinder 



18, there is a rotationally fixed drive connection, which 
includes an inner axial engagement toothing 14-1 provided 
on the' outer circumference of the traction wheel 17 inter- 
facing in an axially movable manner with a corresponding 
5 outer axial toothing 15-1 of the annular cylinder 18. 

The engagement toothings 14-1 of the two traction 
wheels 7-1 and 17 are of the same design, so that these 
traction wheels may, overall, be designed identically. 

Between the central shaft 4 and the second traction 

10 wheel 17 a linear antifriction bearing 26 is inserted which 
allows relative linear and rotational movements. 

In an axial center region of the central shaft 4, an 
output-side traction wheel 28 of the toroidal drive 8 is 
arranged concentrically to the transmission axis 35-35 and 

15 surrounds the central shaft 4, which passes through it with 
clearance and is connected for rotation with an intermedi- 
ate shaft 29. The intermediate shaft 29 is concentric to 
the central shaft 4 and itself extends through the first 
drive-side traction wheel 7-1 of the toroidal drive 8 and 

20 is connected for rotation with, but axially displaceably 
relative to, a sun wheel 31 of the summing gear set 12. In 
this case, intermediate coupling members in the form of 
bearing balls 32 are received diametrically and simultane- 
ously in two axial coupling grooves 33 and 34, of which the 

25 radially inner is formed on the outer circumference of the 
intermediate shaft 29 and the radially outer is formed on 
the inner circumference of the sun wheel 31. Some of such 
coupling structures 32-34 may be arranged distributed 
circumferentially uniformly in the circumference direction. 

30 The sun wheel 31, using helical toothings, meshes with 

the smaller toothed gear of the main planet wheels 30 which 
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are mounted on an associated bearing bolt 23 of the planet 
carrier 11-1. The sun wheel 31 is supported in one axial 
direction on the planet carrier 11-1 by an axial bearing 36 
and in. the other direction on the first drive-side central 
5 wheel 7-1 of the toroidal drive 8 by an axial bearing 37. 

The planet carrier 11-1 is supported, with respect to 
a bearing bush 42 arranged so as to be fixed to the hous- 
ing, by a radial bearing 41 via the associated shaft end 10 
of the central shaft 4. 

10 To introduce the pressure forces, the first drive-side 

central wheel 7-1 of the toroidal drive 8 and the planet 
carrier 11-1 are provided on their adjacent end faces 9 and 
19 each with an axial bearing surface 20 and 21, whose ef- 
fective radius to the transmission axis 35-35 is kept 

15 small. For this purpose, the outside diameter 22 of the ax- 
ial bearing surfaces 20, 21 is limited to a reference value 
which is at most equal to the value of the pitch diameter 
24, reduced by the diameter 25 of the bearing bolts 23, for 
the arrangement of the planet wheels 30 on the planet car- 

20 rier 11-1, which is concentric with respect to the trans- 
mission axis 35-35. 

The output-side central wheel 28 of the toroidal drive 
8 has two toroidal friction surfaces 6, which are formed 
symmetrically at opposite sides of its axially perpendicu- 

25 lar wheel center plane and complementarily to the friction 
surfaces 6 of the two drive-side traction wheels 7-1 and 17 
of the toroidal drive 8. To engage them for concurrent ro- 
tation, the output-side central wheel 28 and the intermedi- 
ate shaft 29 have corresponding axial toothings 38 and 48. 

30 The output-side traction wheel 28 of the toroidal 

drive 8 is supported with respect to the central shaft 4 by 



a radial bearing 47 which is fixed by means of a securing 
ring 39 in one direction of the transmission axis 35-35 
with respect to the output traction wheel 28 arid in the op- 
posite direction with respect to the end face of the inter- 
5 mediate shaft 29. In this way, the. traction wheel 28 is se- 
cured non-displaceably with respect to the intermediate 
shaft 29 in the direction of the transmission axis 35-35 
towards the planet carrier 11-1. 

The intermediate shaft 29 has a circumferential groove 

10 49 which is adjacent to its take-up toothing 38 and into 
which a slotted threaded sleeve 40 is inserted so as to be 
rotationally .and axially moveable. The threaded sleeve 40 
which is screwed with its external thread into a corre- 
sponding internal thread of the traction wheel 28 is sup- 

15 ported, in the other direction of the transmission axis 35- 
35 toward the annular cylinder 18, on the groove side wall, 
delimiting the engagement toothing 38, of the circumferen- 
tial groove 49, so that the central wheel 28 is firmly held 
in position and is axially nondisplaceable with respect to 

20 the intermediate shaft 29. 

In the embodiment of figure 2, a traction wheel 7-2, 
corresponding in its transmission function to the first 
drive-side traction wheel 7-1 of the toroidal drive 8 of 
figure 1, and a planet carrier 11-2, corresponding in its 

25 transmission function to the planet carrier 11-1 of the 
summing gear set 12 of figure 1, are connected to one an- 
other by means of a drive connection 13-2 corresponding in 
its transmission function to the direct rotationally fixed 
drive connection 13-1, but configured alternatively in 

30 structural terms. In the latter drive connection, the trac- 
tion wheel 7-2 has, on its end face 9 facing the planet 
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carrier 11-2, a hub extension 43 of reduced diameter, which 
is in axial overlap with a web part 44, disposed radially 
within the bearing bolts 23, of the planet carrier 11-2 and 
which is provided on its outer circumference with an inner 
5 axial toothing 14-2, with which a corresponding outer axial 
toothing 15-2 of the planet carrier 11-2 is engaged for ro- 
tational engagement therewith but is axially movable 
thereto. The traction wheel 7-2 and planet carrier 11-2 are 
supported relative to one another via their axial bearing 

10 surfaces 20, 21 (the axial bearing surface 20 is offset 
with respect to the image plane of figure 2 in the circum- 
ferential direction of the transmission axis 35-35) in the 
same way as the corresponding components in figure 1, so 
that the same reference numerals are used and reference may 

15 be made to the description of figure 1. 

In the embodiment of figure 3, a traction wheel 7-3, 
corresponding in its transmission function to the first 
drive-side traction wheel 7-1 of the toroidal drive 8 of 
figure 1, and a planet carrier 11-3, corresponding in its 

20 transmission function to the planet carrier 11-1 of the 
summing gear set 12 of figure 1, are connected to one an- 
other by means of a drive connection 13-3 corresponding in 
its transmission function to the direct rotationally fixed 
drive connection 13-1 of figure 1, but configured alterna- 

25 tively in structural terms. In the latter drive connection, 
at least one bearing bolt 23 of a planet wheel 30 has at 
its end facing the traction wheel 7-3, an axial extension 
forming, an end-face coupling pin 45 which extends into a 
corresponding bore (blind bore) 46 on the adjacent end face 

30 9 of the traction wheel 7-3 for the rotationally fixed con- 
nection of wheel and carrier. The traction wheel 7-3 and 



the planet carrier 11-3 are supported relative to one an- 
other via their axial bearing surfaces 20, 21 in the same 
way as the corresponding components in figure 1, so that 
the same reference numerals are used for this purpose and 
5 reference may be made to the respective description of fig- 
ure 1 . 
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